blender. Pectinase (20 m g/kg of must) (PECTINEX BE XXL, NOVOZYMES, DENMARK) was added and the mixture placed in a water bath for 60 min at 55 o C to increase the yield of juice. The mixture was centrifuged at 5000 rpm for 20 min and the supernatant was filtered. Before alcohol fermentation, the total soluble solids (TSS) (12 o Brix) of the juice was adjusted to 20 o Brix by adding inspissate cider in order to obtain a sufficient alcohol level. The mixture was divided into seven uniform parts and respectively marked: AA (control), BB (ultra high pressure processing [100 MPa, 10 min]); CC (ultra high pressure processing [200 MPa, 10 
Determination of total soluble solids, residual sugar, pH, titratable acidity, ethanol content, and volatile acidity
The total soluble solids (TSS) of the samples were determined using the Abbe Refractometer (WAY-2S, GERMANY), with temperature compensation, and the values were expressed in degree brix (°Brix). The pH of the samples was determined using a pH Meter (PHS-2C PRECISION PH/MV METER, CHINA), earlier calibrated using buffer solutions of pH 7 and 4. The dinitrosalicyclic (DNS) method as described by Miller (1972) was used to determine the residual sugar content of the samples. Titratable acidity (TA) was measured as described by Sadler and Murphy (2010), and the results were expressed in terms of g/L malic acid. The alcohol content was measured by the method described by Caputi et al. (1968) , and the results expressed as %v/v. AOAC (1960) method was used to determine the volatile acid content and the result was expressed in g/L acetic acid.
SPME analysis of volatile compounds
The method as described by Kataoka et al. (2000) , with some modifications, was used in analysing the volatile compounds in all the samples. The SPME fibre used was a Stable Flex Divinylbenzene/ Carboxen/ Polydime--thylsiloxane (DVB/CAR/PDMS) (SUPELCO, BELLEFONTE, PA), which is designed for flavour analysis. For each SPME analysis, the sample was saturated with sodium chloride (1g) for HS-SPME and 5 ml of sample for each extraction were placed into a 15 ml glass vial. The sample was placed in a vial with a small stir magnet at a speed of 350 rpm. Mulberry wine was spiked with two internal standards comprising 50 µL of water solution of 1-Propanol (100 µg/L) and 3-octanol (800 µg/L) and 50µL of water solution of two internal standards 3-octanol (200 µg/L) and 2, 3-Pentanedione (200 µg/L) were added to the wine. The vial was then placed in a water-bath at 40 o C. The vial was sealed with a silicone septum. The SPME needle was used to pierce the septum and the fibre was extended through the needle to place the stationary phase in contact with the headspace of the sample. The fibre was withdrawn into the needle after 30 min. Finally, it was removed from the vial and inserted into the injection port of the gas chromatograph (GC) for 3 min. The extracted chemicals were desorbed thermally and transferred directly to the analytical column. The fibre was conditioned for 1 hour at 270 o C before use. .00) was used to collect data and searched against the NIST98 libraries. Compounds were preliminarily identified by library search, and the identities of most of them confirmed by GC retention time (RT), MS ion spectra, authentic compounds or a homologous series, and a retention index (RI). The RI's from a series of straight-chain alkanes (C5-C19) were used to calculate the RI's of all identified compounds.
GC-MS Parameters and Analysis

Antioxidant capacity determination
The clearing (scavenging) effect of 1, 1-Diphenyl-2-picrylhydrazyl (DHHP) radical was used to evaluate the antioxidant capacity of mulberry wine using the method as suggested by Schimada et al. (1992). To 5 ml of wine sample was added 5 ml of 0.008% DPPH in 50% ethanol. Decolourisation of DPPH was monitored by measuring absorbance at 528 nm.
Microbiological determination
Plate count agar was used for bacteria population determination. Serial dilution and the pour plate method were used for this work (Benson, 1994) . All determinations were done in triplicate and bacteria populations determined as colony forming units per millilitre (cfu/mL) of mulberry juice and wine. The yeast population, during fermentation of mulberry wine samples, were monitored using the staining method as described by Zoecklein et al., 1995.
RESULTS AND DISCUSSION
General composition of mulberry wine
The general composition of the mulberry wine samples at the end of fermentation is presented in Table 1 . In terms of total soluble solids (TSS), there were no significant differences among samples except sample EE, which had a significantly lower mean value, but statistically same as sample BB. The values obtained were slightly lower than those obtained for papaya, banana The titratable acidity obtained for sample EE was the highest but was not significantly different from sample GG. The titratable acidity obtained in this work (8.36±0.11 -9.26±0.06) was higher than that obtained by Tchabo (2015) (4.50±0.03 -4.51±0.05). For volatile acidity, sample EE had a significantly higher value than the rest of the samples. There were no traces of volatile acidity in samples BB and DD. The different treatment regimes may account for the differences observed. Figure 1 that, ultra high pressure (UHP) processing at 300 MPa/10 min or 400 MPa/10 min achieved a better result than sulphur dioxide (60 mg/L) treatment. Sulphur dioxide could therefore be replaced by UHP processing if used at 300 or 400 MPa for 10 min to treat the mulberry juice. The dosage of sulphur dioxide decreased greatly when ultra high pressure processing and sulphur dioxide were used together (sample GG). Figure 3 shows that, the pH value of mulberry juice samples changed intensively during fermentation from 0 h to 72 h. It decreased from 0 h to 24 h but increased from 24 h to 72 h, and then it became almost stable. The pH value of mulberry wine reached 3.85-3.90 when alcohol fermentation was completed. The change in the pH of EE (400 MPa/10 min) was more gradual than the others after 72 h. This observation may be plausibly due to the relatively low number of bacteria colonies (Figure 3 
Volatile compounds of mulberry juice
A total of 25 volatile aroma compounds of mulberry juice (AA) were identified by means of solid phase micro extraction (SPME) followed by gas chromatography (GC) and mass spectrometry (MS). Table 2 shows the compounds isolated from the headspace of mulberry juice (AA-GG). In Figure 5 (Table 2) . Previous reports for mulberry essential oils have tabulated many more compounds (Butkhup et al., 2011) . However, because of different extraction methods and possible oxidation or chemical alteration, less volatile compounds and/or possible defects are in those lists. The SPME method recovers mainly low-to mid molecular weight semi volatile and volatile compounds (Butkhup et al., 2011), which could be used as the indicator for the volatile composition of the juice. This current work recorded fewer overall compounds recovered. The majority of compounds recovered in mulberry juice with this SPME-GC-MS method were 1-hexanol, 2-ethyl-, furfural, benzene acetaldehyde, hexanal, γ-terpinene, hexanoic acid and ethyl acetate. These compounds may be indicative that mulberry juice has sweet, fruity, acid, musky and woody-fresh aroma characteristics (Butkhup et al., 2011) . Table 2 shows that the volatile compounds during high-pressure treatment were not changed when compared with the fresh fruit juice. It seems that high pressure treatment has no effect on the volatile components and compositions of the juice .  Laboissière et al. (2007) compared the volatile flavour components of passion fruit juice during high-pressure processing and pasteurization and reported that, high-pressure processing did not change the volatile components. Lambert (1999) also observed that, strawberry coulis maintained the freshness and the original flavour during high-pressure processing. Again, Yen (1999) reported that guava juices treated with high pressure and heat processing, could maintain the original flavour distribution of the juice. Cyclopentanone, 2-cyclopentylideneand oxime-, methoxy-phenyl-were not identified in the mulberry juice in which SO2 was added (FF and GG) as the adsorption of the two volatile components by the headspace-SPME would be affected by SO2. Volatile compounds of mulberry wine Table 3 shows the volatile flavour compounds of mulberry wine, with the mean of replicate figures expressed in (µg/L). A total of nineteen volatile flavour compounds were identified by GC-MS (Figure 6 ), including alcohols (five), acids (four) and esters (ten). As can be seen in Table 3 , esters were found to be the most abundant aroma compounds identified by the HS-SPME techniques. These results agree with that obtained by Kalua and Boss (2009) acid ethyl ester, octanoic acid ethyl ester, acetic acid 2-phenylethyl ester, decanoic acid ethyl ester and ethyl 9-decenoate were the major esters of the mulberry wine. The detected volatile esters of the mulberry wine can both originate from the raw material and the ones synthesized during alcoholic fermentation by yeast (Tchabo et al., 2015) . Ethyl acetate possesses a sweet, fruity and wine aroma, butanoic acid ethyl ester has a fruity aroma, octanoic acid ethyl ester has a fruity aroma, and acetic acid 2-phenylethyl ester has fruity, flowery aroma ( . Another important ester considered for its aroma contribution to wine is ethyl-9-decenoate, known for providing a very pleasant aroma (Kafkas et al., 2006) . The most abundant alcohols detected in mulberry wine were 1-propanol, 2-methyl-and 1-butanol, 3-methyl-. 1-butanol, 3-methyl-is a major aliphatic alcohol and among the aliphatic alcohols which have a higher concentration in wines. It can both originate from the raw material or attributed to enzymatic action of yeast during fermentation. 1-propanol, 2-methyl-, an aromatic alcohol, had a sweet aroma above its perception threshold value. Also, Phenylethyl alcohol was detected in appreciable quantities in the mulberry wine. It is mainly formed during juice fermentation and is largely responsible for rose-like aroma in wines (Juan et al., 2012). Acetic acid, hexanoic acid, octanoic acid and n-decanoic acid were detected in the mulberry wine. Their contribution to the aroma of mulberry wine cannot be considered important because of the fact that their concentrations were much lower than their odour threshold (values not provided).
When the volatile flavour compounds of mulberry wines made from differently treated mulberry juice and untreated one are compared, the types and concentrations of the volatile components were found to be similar. It seems that high pressure treatment does not change the composition of mulberry juice and has no effect on the enzymatic action of yeast during fermentation. . Figure 7 ). The control sample had 15.03% clearance rate. The DHHP clearance rate tended to increase with increasing pressure up to 300 MPa/10 min, after which it dropped a little when the pressure was increased to 400 MPa/10 min. This observation may be due to the chemical destabilization of the anthocyanins' structure by the high pressure, thereby affecting the biological activity of anthocyanins ( 
CONCLUSION
In this work, a total of nineteen volatile flavour compounds were identified in mulberry wine samples. These included alcohols (5), acids (4) and esters (10), with the esters being the main compounds. Largely, there were no significant differences among different mulberry wines in the types and concentrations of the volatile components. The major volatile fractions in mulberry juice were aldehydes and alcohols, imparting sweet, fruity, acid, musky and woody-fresh aroma characteristics to the juice. High pressure had no effect on the original flavour. Mulberry juice treated at 300 MPa/10 min, 400 MPa/10 min, sulphur dioxide (60 mg/L) and 300 MPa/10 min plus sulphur dioxide (30 mg/L) had similar characteristics of alcohol fermentation. The number of microorganisms present in mulberry juice was different for differently treated conditions of ultra high pressure processing and sulphur dioxide, with that obtained for 300 MPa/10 min and 400 MPa/10 min being better than that treated with 60 mg/L sulphur dioxide. It can therefore be concluded that, the traditional way of adding sulphur dioxide during winemaking could be replaced by using pressures of 300 MPa/10 min or 400 MPa/10 min.
